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Abstract 

> 

(N We discuss the lightest Higgs boson mass in the minimal supersymmetric Stan- 

dard Model with "pure gravity mediation" . By requiring that the model provides 
the observed dark matter density, we find that the lightest Higgs boson is predicted 
to be below 132 GeV. We also find that the upper limit on the lightest Higgs boson 
mass becomes 128 GeV, if we further assume thermal leptogenesis mechanism as 
the origin of baryon asymmetry of universe. The interrelations between the Higgs 
boson mass and the gaugino masses are also discussed. 



1 Introduction 



Supersymmetry is the most attractive candidate for beyond the Standard Model. Sur- 
prisingly, the assumption of spontaneous breaking of supersymmetry (SUSY) is enough 
to give rise to the masses of the superpartners of the Standard Model particles in the 
framework of supergravity. Scalar bosons acquire SUSY breaking soft masses at the tree 
level pQ and gauge fermions (gauginos) at the one- loop level [21 El H] • We call this minimal 
setup as "pure gravity mediation" . The most attractive feature of this framework is that 
we do not need any additional fields for the mediation of SUSY breaking effects. 

If we assume that the pure gravity mediation model is within the reach of the LHC 
experiments, the scale of spontaneous SUSY breaking is chosen to be around 10 11-12 GeV 
so that the gaugino masses generated at the one-loop level are in the hundreds GeV to 
the TeV range. Interestingly, the purely gravity mediated model with this mass range 
has many attractive features compared to the conventional models owing to the minimal 
setup. First of all, there is no serious Polonyi problem [5] Q since there is no Polonyi field 
required to generate the gaugino masses. The cosmological gravitino problem [7] is also 
solved in this setup. This is because the gravitino mass is in the hundreds TeV range 
and decays before the Big-Bang Nucleosynthesis (BBN). The problems of flavor-changing 
neutral currents and CP violation in the supersymmetric Standard Model become very 
mild thanks to relatively large masses for squarks and sleptons. Furthermore, we have a 
good candidate of dark matter in the universe [HI El HTJl E] • Especially, it was pointed 
out in Ref. [TD] that the pure gravity mediation model has a wide rage of parameter 
space consistent with the thermal leptogenesis [12J. The unification of the gauge coupling 
constants at the very high energy scale also provides a strong motivation to the model. 

Encouraged by these advantages, we discuss the mass of the lightest Higgs boson in 
the minimal SUSY Standard Model (MSSM). We find the upper limits on the lightest 
Higgs boson mass is predicted to be about 132 GeV. The requirement of the successful 
leptogenesis lowers the upper limit down to about 128 GeV. These predictions will be 
tested soon at the LHC experiments. 

1 See also Ref. [5] for the Polonyi problem in dynamical supersymmetry breaking models. 
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The organization of the paper is as follows. In section[2] and [3j we discuss the masses 
of the MSSM superparticles and the lightest Higgs boson in the pure gravity mediation 
model. In section[4j we derive the upper limits on the lightest Higgs boson mass by 
requiring the consistent dark matter density. We also discuss the consistency of the 
model with thermal leptogenesis. In section[5j we discuss the interrelation between the 
lightest Higgs boson mass and the gaugino masses. The final section is devoted to our 
conclusions. 

2 Purely Gravity Mediated SUSY Breaking 
Sfermions and Gauginos 

In the pure gravity mediation model, the only new ingredient other than the MSSM fields 
is a (dynamical) SUSY breaking sector. Then, the soft SUSY breaking masses of squarks, 
sleptons and Higgs bosons are mediated by the supergravity effects at the tree-level. With 
a generic Kahler potential, all the scalar bosons obtain the SUSY breaking masses of the 
order of the gravitino mass, 7723/2. For the gaugino masses, on the other hand, tree- 
level contributions in the supergravity are extremely suppressed since we have no SUSY 
breaking fields which are singlet under any symmetries. 

At the one-loop level, however, the gaugino masses are generated by the supergravity 
effects without having singlet SUSY breaking fields (21 El H] • The one- loop generated 
so-called anomaly-mediated gaugino masses are given by 

M a = -^> 3/2 , (1) 

where a denotes the three standard-model gauge groups (a = 1,2,3), g a gauge coupling 
constants, and b a coefficients of the renormalization-group equations of g a , i.e. b a = 
(—33/5, —1, 3). Therefore, the framework of the pure gravity mediation does not require 
any new mediator fields to make the superparticles massive. 

The important feature of the anomaly-mediated gaugino spectrum is that the lightest 
gaugino is the neutral wino. The charged wino is slightly heavier than the neutral one 
by about 155 MeV— 170 MeV due to one-loop gauge boson contributions [13J. Thus, it is 
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quite tempting to explore whether the neutral wino can be a candidate for dark matter. 
In fact, thermal relic density of the wino is consistent with the observed dark matter 
density for M2 — 2.7 TeV [El [15]. The relatively large mass of thermal wino dark matter 
stems from the large annihilation cross section of the winos into VT-bosons. The lighter 
wino than 2.7 TeV is also a good candidate once the relic abundance is provided by the 
non-thermal production by the late time decay of the gravitinos which were produced 
when the universe had high temperature [El El Ell E] • As we will discuss, the consistent 
mass range of the wino dark matter puts upper limit on the lightest Higgs boson mass in 
the pure gravity mediation model. 

Higgs Sector 

In the purely gravity mediated models, we also expect that the two additional mass 
parameters in the Higgs sector, the so-called /1- and 5-parameters, are also of the order 
of the gravitino mass. Indeed, without any special symmetries, we expect the following 
Kahler potential, 

K 3 cH u H d + -^—tfZH u H d + h.c. (2) 

PL 

Here, Z is a chiral superfield in the hidden sector, which may or may not be a composite 
field, Mpl is the reduced Planck scale, and c and d are coefficients of 0(l)j^] The above 
Kahler potential leads to the /1- and the 5-parameters [TB] 

fi H = cm 3/2 , (3) 
\ F x\ 2 

Bfx H = cm 3/2 + c'—^-, (4) 
ivi PL 

where Fz is the vacuum expectation value of the F-component of Thus, //- and B- 
parameters are both expected to be of 0(m 3 / 2 ), and hence, the higgsinos are expected to 
be as heavy as the sfermions and the gravitino. 

For successful electroweak symmetry breaking, one linear combination of the Higgs 
bosons should be light which is denoted by h — sin /3H U — cos /3H% with a mixing angle 
2 Even if Z is a composite field, d can be 0(1). 

3 We assume that the vacuum expectation value of Z is much smaller than M pl ■ 
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/3. Here, H u and are up- and down-type Higgs bosons, respectively. In terms of the 
mass parameters, the mixing angle is given by 

• OR 2B ^ H (*\ 

while the light Higgs boson requires a tuning between mass parameters, 

(M 2 + m 2 H J(\fi H \ 2 + m 2 Hu ) - (Bfi H ) 2 ~ , (6) 

at the energy scale of the heavy scalars. Therefore, by remembering that squared masses 
of H u and H^, well as S and //# are of the order of the gravitino mass, the 

mixing angle (3 is expected to be of 0(1)F] 

In summary of the pure gravity mediation, the mass spectrum and the Higgs mixing 
angle are expected to be; 

• The sfermions and the gravitino are in the (9(10 4 ~ 6 ) GeV range. 

• The higgsinos and the heavier Higgs bosons are in the (9(10 4-6 ) GeV range. 

• The gauginos are in the hundreds to thousands TeV range. 

• The Higgs mixing angle is of order of unity, i.e. tan = 0(1). 

Notice that the pure gravity mediation model has some similarities to the Split Su- 
persymmetry [T7J [TBI HH] for Msusy — 10 4-6 GeV. The important difference is that we do 
not expect Msusy 10 4 ~ 6 GeV, since we rely on the anomaly-mediated gaugino masses 
in the pure gravity mediation modelj^] In this sense, the pure gravity mediation model is 
more close to the PeV-scale Supersymmetry and the Spread Supersymmetry [22] • The 
other important and more practical difference is the size of //-term. In the Split Super- 
symmetry, it is assumed that the higgsinos are also in the TeV range, while we consider 
they are as heavy as the gravitino. Therefore, we can distinguish our scenario from the 
Split Supersymmetry by searching for the higgsinos at the collider experiments. 

4 Hereafter, we treat the [in and B parameters as real valued parameters just for simplicity, although 
our discussions are not changed even if they are complex valued. 

5 See discussions on the possible cancellation of the anomaly-mediated gaugino masses [TO1 [20] . 
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3 The Lightest Higgs Boson Mass 



Below the scale of the heavy scalars, M SU sy = 0(1713/2), the Higgs sector consists of the 
light Higgs boson h whose potential is given by, 

V(h) = ±(tfh-J)\ (7) 

where v ~ 174.1 GeV is determined to reproduce the observed Z boson mass. At the 
tree-level, the Higgs coupling constant A satisfies the so-called the SUSY relation, 

a= Ulgl + gl) cos 2 2/3. (8) 

This is the famous and remarkable feature of the MSSM where the physical Higgs boson 
mass, ml = 2Xv 2 , is not a free parameter but a prediction of the model. 

Below MgusY; the above SUSY relation is violated by the SUSY breaking effects 
through the radiative corrections [23] . The first contribution to deviates the SUSY relation 
is the radiative correction through the renormalization-group equation. At the one-loop 
level, the renormalization-group equation is roughly given by 

d\ 12 



dt 16vr 2 



(A 2 + Xyt - yf) , (9) 



where y t denotes the top Yukawa coupling, and we have neglected gaugino couplings for 
illustrative purpose. By imposing the SUSY relation in Eq. Q at the renormalization 
scale Q = Msusy, the renormalization-group equation can be approximately solved by, 

X(m h ) ~ A(Msusy) + t^W In . (10) 

(47T Y m h 

Therefore, we expect that the physical Higgs mass receives a large positive correction for 
Msusy = O(10 4 ~ 6 ) GeV. 

The second contribution which deviates the SUSY relation comes from the finite cor- 
rection to the Higgs quartic coupling from the trilinear couplings. At the one-loop level, 
this contribution is given by, 



6 4 (XI 1 X, 
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M SU sY/TeV AWTeV 

Figure 1: Left) The lightest Higgs boson mass as a function of Msusy with [in = Msusy- The 
result is slightly lighter than the one in Ref. \23\ due to the large n-term (see the right panel). 
Right) The lightest Higgs boson mass as a function of for MgusY = 100 TeV. In both panels, 
the color bands show the la error of the top quark mass, mt op = 173.2 ± 0.9 GeV [26], while we 
have taken the central value of the strong coupling constant, a(Mz) = 0.1184 ± 0.0007 \27J . We 
have also fixed the gaugino masses to Mi = 900 GeV, M 2 = 300 GeV and M 3 = -2500 GeV as 
reference values, although the predicted Higgs boson mass is insensitive to the gaugino masses. 



X t = A t — fin cot ~ — fin cot {3 , 

m\ = m 2 tL +m 2 tR , (11) 

where A t is the trilinear coupling constant between Higgs and stops, and m\ h denote 
the squared soft masses of the left and right stops. Notice that A t is expected to be 
suppressed at the tree-level of the supergravityj^] Since fijj is in the gravitino mass range 
and tan/3 = 0(1), this correction can be sizable in the pure gauge mediation model. 

With these discussions in mind, we compute the lightest Higgs boson mass for given 
Msusy; and tan 0. In our analysis, we numerically solve the full one-loop renormalization- 
group equations of the Higgs quartic coupling, the gauge couplings, the gaugino couplings, 
the Yukawa couplings of the third generation fermions, and the gaugino masses given in 
Ref. [IS] . We also include the weak scale threshold corrections to those parameters in 
accordance with Ref. [23J [25]. Notice that we decouple the higgsino contributions to the 
renormalization group equations at Q = fin and match the coupling constants below and 
above that scale, since fin is much heavier than the TeV scale. 

In Fig.fTJ we show the parameter dependancies of the lightest Higgs boson mass. The 
6 Hcre, we again assume that (Z) <§; A/pl- 
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left panel of the figure shows the Higgs boson mass as a function of Msusy- in the figure, 
we have taken \xjj = Msusy- The color bands represent the la error on the top quark 
mass, m top = 173.2 ± 0.9GeV|^] The figure shows that the lightest Higgs boson mass 
can easily exceed the lower bound from the LEP experiments, > 114.4 GeV [28] for 
tan/3 = 0(1). The lightest Higgs boson mass larger than 120 GeV is also easily realized 
for the wide range of parameters. 

The right panel shows the //# dependence of the lightest Higgs boson mass for Msusy = 
100 TeV. The color bands again correspond to the la error of the top quark mass. The 
figure shows that the lightest Higgs boson mass decreases monotonically for the larger fijj 
for relatively small //# region, i.e. hh "C Msusy- This is due to the fact that the gaugino 
coupling contributions increase the Higgs quartic coupling constant at the low energy 
via the renormalization group equations. For fin = O(Msvsy), on the other hand, the 
finite threshold correction to the Higgs quartic coupling in Eq. ( JlT| becomes important 
especially for the small tan /3. The peaks of the lightest Higgs boson mass correspond to 
the parameters which satisfy X t ~ y/6m^. 

In Fig.[2j we show the contour plot of the lightest Higgs boson mass as a function of 
Msusy and tan j3. In the figure, we have used the central values of the la errors of the 
strong coupling constant and the top quark masses. For given parameters, we have used 
the gaugino masses which are obtained by solving the full one-loop renormalization group 
equations with the anomaly-mediated boundary condition in Eq.([T]) at Q = Msusy with 
m.3/2 = Msusy- The color bands represent the effects of the theoretical uncertainty of 
the ratio /ih/Msusy on the lightest Higgs boson mass. We have taken Msusy/3 < hh < 
3Msusy- The figure shows that the effect of the theoretical uncertainty is sizable for a 



small tan (3 region where the finite correction in Eq. (11) to the Higgs quartic coupling 
can be large. 



8 



1 



10 10 2 10-' 10" 

Msusv/TeV 

Figure 2: The contour plot of the lightest Higgs boson mass. The bands for = 
120, 125, 130, 135, 140 GeV represent the effects of the theoretical uncertainty of the ratio 
Hh/Ms\jsy to the lightest Higgs boson mass. We have assumed that Msusy/3 < fJ-H < 3-Msusy- 
We have used the central values of the la errors of the strong coupling constant and the top 
quark mass. 

4 Upper Bound on The Lightest Higgs Boson Mass 

As we mentioned above, the lightest superparticle in the pure gravity mediation is the 
neutral wino which can be a good dark matter candidate. The important feature of the 
wino dark matter scenario is that the current abundance consists of two contributions. 
The one is from the thermal relic density of the wino itself, and the other from the the 
late time decay of the gravitino. Notice that the late time decay of the gravitino does not 
cause the gravitino problems since the gravitino decay before the BBN [7] . 

The thermal relic density of the wino is determined by the annihilation cross section 
of the winos into the W^-bosons via the weak interaction. The resultant relic density 
VL^ TH ^h 2 {M2) can be found in Ref. [HJ [15]. The thermal relic density saturates the ob- 
served dark matter density Qh 2 ~ 0.11 for M 2 ~ 2.7TeV, while it is quickly decreasing 
for the lighter wino. The non-thermal relic density is, on the other hand, proportional to 

7 We have not shown the uncertainty due to the la error on the strong coupling constant which is 
smaller than the one from the top mass error. 
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Figure 3: The required reheating temperature of universe as a function of the wino mass for the 
consistent dark matter density. We have used the thermal relic density given in Refs. \14\ \15\j . 
The color bands correspond to the la error of the observed dark matter density, Clh 2 = 0.1126 db 
0.0036 |29f . For a detailed discussion see also Ref. jJOf . 

the gravitino number density which is proportional to the reheating temperature Tr after 
inflation, 

The total relic density is given by, 

nh 2 = & th \m 2 ) + n^h 2 (M 2 ,T R ) . (13) 

Therefore, the wino which is lighter than 2.7 TeV can be the dominant component of the 
dark matter for an appropriate reheating temperature. 

Fig. [3] shows the required reheating temperature of universe as a function of the wino 
mass for the consistent dark matter density. The color bands correspond to the la error 
of the observed dark matter density, flh 2 = 0.1126 ± 0.0036 [29]. It is remarkable that the 
required reheating temperature is consistent with the lower bound on Tr for the successful 
thermal leptogenesis, T R > 10 9 5 GeV [12]. 

Now, let us interrelate the wino dark matter density and the lightest Higgs boson mass. 
As we have discussed, the lightest Higgs boson mass is determined for given Msusy = 
0(m 3 / 2 ) and tan/3. The wino mass is, on the other hand, is given by, 

M 2 ~ 3 x 10~ 3 m 3/2 , (14) 
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Figure 4: Left) The lightest Higgs boson mass for a given wino mass. We also show the required 
reheating temperature for the successful wino dark matter scenario as dashed lines (see Fig.[3|). 
Right ) The lightest Higgs boson mass dependence on the theoretical uncertainty from the ratio 

m-3/2/^SUSY- 



with the anomaly-mediated boundary condition in Eq. ([!]) at Q = Msusy]^] Thus, with 
the theoretical uncertainty of the ratio m 3 / 2 /MgusY, we can interrelate the Higgs boson 
mass and the wino mass. 

In Fig.[4| we show the lightest Higgs boson mass as a function of the wino mass for 
m 3 / 2 = Msusy- (Here, we have used m 3 / 2 — 777.3/2 instead of m 3 / 2 . The definition of 7713/2 



is given in Eq. (20).) The color bands of the left panel again the effects of the theoretical 
uncertainty of the ratio /if//M SU sY as discussed in the previous section. In the figure, 
we also show the contour plot of the required reheating temperature for the wino dark 
matter scenario. The figure shows that the Higgs boson mass is predicted to be lighter 
for the higher reheating temperature for a given tan /3. 

The right panel of the figure shows the dependence of the lightest Higgs boson mass 
on the theoretical uncertainty of the ratio, ?71 3 / 2 /Msusy- The each color band corresponds 
to 3 < tan /3 < 50 for a given vale of M 2 . The smaller tan f3 is, the larger the effect of the 
uncertainty is. The figure shows that the effect of the theoretical uncertainty from the 
ratio rri 3 / 2 /MsusY is less than about 2% for the wide range of parameters. 

From the Fig. Ill we can derive the upper limit on the reheating temperature after 



8 The current experimental bound on M2 is M2 > 88 GeV obtained at the LEP experiments [3U]. The 
mass of the wino dark matter is also constrained to Mi > 200 — 250 GeV by the observed light element 
abundance through the dark matter annihilation at the BBN era [31] . 
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Figure 5: The upper limit on the reheating temperature as a function of the lightest Higgs boson 
mass. The green band represents the effects of the theoretically uncertain ratio he / '-^susy which 
we have taken between Msusy/3 < fJ-H < 3-MsuSY- The effect of the theoretical uncertainty 
from the ratio w-3/2/^susY can be read off from the right panel of Fig.^ 

inflation for a given lightest Higgs boson mass. In Fig.[5j we show the upper limit on Tr 
for tan = 3 which is the typical value expected in the pure gravity mediation. The thin 
green band represents the effects of the theoretical uncertainty from the jUff/MsusY where 
we have again taken Msusy/3 < Hh < 3M S usy- We also show the upper limit on the 
results for tan/3 = 5 and tan/3 = 50 for comparison, although tan/3 = 50 is quite unlikely 
in the pure gravity mediation. 

The figure shows that the dark matter constraint puts the upper limit on the Higgs 
boson mass is about ~ 132 GeV. Furthermore, the requirement of thermal leptogenesis 
puts more stringent constraint on the Higgs boson mass down to rrih = 128 GeV. These 
upper limits will be tested at the LHC experiments very soon. The effects of the theoretical 
uncertainties and the la error on the top quark masse which are not included this figure 
can be read off from the previous figures. 

Before closing this section, let us comment on the threshold corrections to the gaugino 
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masses at the higgsino threshold [21 IE], 





3 g\ 

5167T 2 ' 


(15) 


^■j^(higgsino) 


92 j 

16tt 2 ' 

= o, 


(16) 
(17) 



where 

L = /^ sin 2/3- ^i-^ln^f . (18) 

\Hh\ -rn\ m\ 

Here, is the mass of heavy Higgs bosons which is given by 

m 2 A = m 2 Hu +m 2 Hd + 2\fi H \ 2 . (19) 

For fi H = 0(m 3 /2),AMf 59s) (for a = 1,2) can be comparable to the anomaly-mediated 
gaugino masses. In the above analysis, we have introduced an effective gravitino mass 
scale, 

m 3/2 = m 3/2 + L, (20) 

so that M 2 is expressed by, 

M 2 = ^- 2 (m 3/2 + L) = ^- 2 m 3/2 . (21) 

The numerical value of the wino mass for a given fh 3 / 2 is obtained by replacing m 3 / 2 to 
m 3 / 2 in Eq. (14). Since either m 3 / 2 or fh 3 / 2 is expected to be in the same order of M SU sy|^] 



we estimated the effects of the theoretical uncertainties by sweeping Msusy/3 < m 3 / 2 < 
3M SUSY . 

5 Gaugino mass and Higgs boson mass 

Finally, let us briefly discuss the interrelation between the lightest Higgs boson mass and 

the gaugino masses. In the pure gravity mediation, the gauginos are the only superpar- 

ticles which can be discovered at the LHC experiments, since the sfermions are expected 

9 If there is a cancellation between 7713/2 and L, the effective gravitino mass to 3 / 2 can be very small 
compared with MguSYj which leads to a very large lightest Higgs boson mass for a given wino mass. We 
do not consider such cancellation in this paper. 
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to be as heavy as C(10 4 " 6 ) GeVQ Even worse, the gluino pole mass obtained by the 
anomaly-mediated boundary condition at Q — Msusy is about 7—10 times larger than 
the wino mass. For example, the gluino mass is about 4TeV for M2 = 500 GeV. This fea- 
ture implies that the search of the superparticles at the LHC experiments is very difficult 
in most parameter space of the pure gravity mediation. 

One possible way out from this pessimistic prediction can be obtained from the hig- 



gsino contributions to the gaugino masses in Eqs. ( 15 )-( 17). That is, for a given value of 
M 2 , the gluino mass is now given by, 

Mo 

M 3 ~ -7-10 x— 

2 I 1 2 

5 S = sin 20-^-, ™ A 9 In = 0(1) x sin 2 2/3 . (22) 

m 3/2 l/iffl 2 - m A m A 

In the final expression of 5jj, we have used Eq. (|5j). Therefore, the gluino mass can be 
significantly smaller than the above mentioned value for tan /3 = 0(1) j^J 

In Fig.[6j we show the contour plot of the lightest possible gluino mass for given wino 
and Higgs boson masses with the higgsino threshold effects on the wino mass. Here, 
we are assuming 5g = 3 sin 2 2/3. The dotted contours show the gluino mass with the 
anomaly-mediated boundary conditions (5g = 0) for comparison. The dotted contours are 
insensitive to the Higgs boson mass. The figure shows that the gluino can be significantly 
lighter the prediction with the anomaly-mediated boundary condition for a small tan /3, 
while the effect is vanishing for tan/3 = O(10). 

It should be also noted that we can put the lower limit on the lightest possible gluino 
mass for a given wino mass once the Higgs mass is determined experimentally. For 
example, the figure shows that the gluino can be as light as 1.5 TeV for rrih — 125 GeV 
and M 2 — 400 GeV. These features of the pure gravity mediation enhance the testability 
of the model at the LHC experiments. 



10 See for example Ref. 32, 33, 32 131] for the search of the gauginos at the LHC experiments. 
1:L Depending on the sign (or the complex phase) of 5^, the gluino can be significantly heavier than the 



prediction with the anomaly-mediation boundary condition. 
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Figure 6: The contours of the lightest possible gluino mass as a function of the wino and the 
lightest Higgs boson masses. We have assumed that 6^ = 3 sin 2 2/3. The dashed contours show 
the gluino mass prediction without the higgsino threshold effects. The effects of the theoretical 
uncertainties from the ratios Hh/Msvsy and m 3 /2/AfsusY can be read from the previous figures. 

6 Conclusions 

In this paper, we discussed the lightest Higgs boson mass in the pure gravity mediation 
model which consistently provides the observed dark matter density. The important 
features of the pure gravity mediation model are (i) the sfermions, the higgsinos and the 
gravitinos are as heavy as 10 4-6 GeV (ii) the gaugino masses are in the TeV range and 
deviating from the so called GUT relation (iii) tan/3 = 0(1). With these features, we 
found the upper limit on the lightest Higgs boson mass is predicted to be about 132 GeV. 
The requirement of the successful leptogenesis lowers the upper limit down to about 
128 GeV. These predictions will be tested at the LHC experiments very soon. 

We also discussed the interrelation between the lightest Higgs boson mass and the 
gaugino masses. We found that the gluino mass for given wino and Higgs boson masses 
can be significantly smaller than the predictions with the anomaly-mediated boundary 
conditions due to the higgsino threshold effects on the wino mass. Therefore, the pure 
gravity mediation model can be extensively tested by the interplay between the Higgs 
searches and the gaugino searches at the LHC experiments. 

In our discussion, we have not studied the constraints on the wino dark matter scenario 
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from the cosmic ray experiments. Since the wino has a rather large annihilation cross 
section into jy-boson, it is promising that the model can be tested through the cosmic 
ray observations. The detailed analysis is in preparation 12 
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